Deer mice (Peromyscus maniculatus) are the principal host species of Sin Nombre (SN) virus, the primary etiologic agent of hantavirus cardiopulmonary syndrome in North America. The disease is a cytokine-mediated immunopathology characterized by pulmonary mononuclear infiltrates without discernible viral pathology. Infected deer mice remain life-long carriers and virus is found in many organs, including the lungs, but without pathology. It is unclear how deer mice respond to SN virus because no tools exist to examine the immune response in infected animals. As an initial step in examining host responses to SN virus, we have cloned partial cDNAs of deer mouse interferon-(IFN-), interleukin-10 (IL-10), tumor necrosis factor (TNF) and lymphotoxin-(LT ). IL-10, TNF and LT sequences are highly conserved compared to orthologs of other mammalian species, while IFN-is substantially less conserved. Phylogenetic analyses indicate that the amino acid sequences of IFN-and TNF may be useful in resolving relationships at the subfamily level within the rodent family Muridae. While all four sets of analyses were able to reconstruct clade Rodentia, they were not able to resolve the relationships among the mammalian orders represented in this study. Reverse transcriptase polymerase chain reaction (RT-PCR) analysis of concanavalin A-stimulated splenocytes determined that maximal IFN-and TNF expression occurred rapidly while IL-10 and LT expression was maximal at 24 h.
In 1993 in the Four-Corners region of the United States, an outbreak of an acute respiratory distress syndrome with a high case fatality rate occurred. A novel hantavirus, Sin Nombre (SN) virus, was identified as the etiologic agent of the disease, hantavirus cardiopulmonary syndrome (HCPS). [1] [2] [3] Although SN virus infects capillary endothelial cells, it does not cause irreparable damage to the lungs. 4 Post-mortem lung sections revealed infiltrating mononuclear cells that produced several proinflammatory cytokines, including tumor necrosis factor (TNF, TNF ), lymphotoxin (LT, LT , TNF ), interferon-(IFN ), interleukin (IL)-1 , IL-2 and IL-4. 5 Each of these cytokines promotes capillary leakage and pulmonary edema, suggesting that HCPS is a cytokine-mediated disease.
In contrast, deer mice (Peromyscus maniculatus), the principal host species of SN virus, 6 exhibit no observable pathology during infection and many are believed to remain life-long carriers. 7 Virus is found in many tissues, including the lungs, heart, spleen, kidneys, brown fat and liver, but no pulmonary mononuclear infiltrates are observed, 8, 9 indicating infection does not lead to leukocyte recruitment into pulmonary tissues. Serology indicates that deer mice mount a strong antibody response but it is insufficient to clear the virus. 8, 10 It is unknown what cytokines are expressed during infection because no methodologies have been developed to assess their expression.
A deer mouse model has recently been established to study experimental infection by SN virus, necessitating development of tools to assess immune evasion and viral persistence. Moreover, because HCPS is a cytokine-mediated immunopathology, characterization of cytokine responses in deer mice infected with SN virus may suggest targets of therapeutic intervention in HCPS patients.
We report here sequence and expression analysis of the first identified deer mouse cytokine genes. Partial cDNAs of deer mouse IFN , IL-10, TNF and LT were cloned by reverse transcription-polymerase chain reaction (RT-PCR). Deer mouse IL-10, TNF and LT genes are highly similar to orthologs of other mammalian species, while IFN is more divergent. Concanavalin A (con A) stimulation of splenocytes resulted in maximal expression of IFN and TNF by 8 h, while expression of IL-10 and LT peaked at 24 h.
In addition, we have made a preliminary assessment of the usefulness of the cytokine amino acid sequences for phylogeny reconstruction at the subfamily level with the sequences collected in this study. Though the taxonomic sampling was limited by the availability of orthologs in the sequence databases, the phylogenetic analyses indicate that at least two of the cytokines (IFN and TNF) hold promise for resolving relationships at the subfamily level within the rodent family Muridae. The other two cytokines (IL-10 and LT ) show more limited promise for resolving subfamily relationships. Finally, while all four cytokines reconstructed the clade Rodentia, they were unable to resolve which of two outgroups is more closely related to the rodents.
RESULTS

Strategy for cloning deer mouse cytokine genes
IFN , IL-10, TNF and LT cDNA sequences from several rodent species and human were aligned and primers designed (Table 1 ) from highly conserved regions. 11 Total RNA from con A-stimulated spleen cell cultures was reverse transcribed and the cDNA used as a template for PCR. Amplicons of the expected sizes based upon the sequences of other species' cDNAs were generated, cloned and sequenced. We cloned most of the coding regions from three of the four genes. We compared each predicted polypeptide sequence with those of the house mouse, rat and human to identify conserved amino acids and regions. Deer mouse IFN cDNA sequence was translated using the default translation table in MacVector DNA analysis software. The house mouse, rat and human IFN sequences were imported into MacVector from the NCBI sequence databases (Table 1) and aligned using the default parameters of the clustalw algorithm. Dark gray regions represent consensus identities, light gray represents similar amino acids, and white indicates dissimilar amino acids. The lettered bars above the sequences indicate residues that encode the -helices. The C-terminal region involved with receptor binding in the house mouse in underlined with the gray bar. The line in the schematic represents the cDNA of house mouse IFN
IFN
The cloned IFN fragment was 269 nucleotides (nt) and represents 57% of the coding region found in the house mouse (Mus musculus) IFN and shares 73% nucleotide identity. 12 The amino acid sequence is 55% identical and 69% similar to house mouse IFN ( Fig. 1 ) and represents residues 61-150 of the house mouse protein, including all but the last 8 residues found in the mouse IFN C-terminus. The polypeptide is 54% identical and 67% similar to human IFN . 13 The fragment encodes the last 4 helices (C, D4-K24; D, E31-F45; E, E50-161; F, Q67-S84) typical of IFN -family cytokines.
14 Receptor-binding of mouse IFN is mediated by N-terminal (1-39) and C-terminal (95-133) residues 15 and the deer mouse fragment encodes most of the C-terminal binding region (residues 55-89).
IL-10
The 393 nt fragment of deer mouse IL-10 represents nucleotides 175-557 of the house mouse ortholog 16 and shares 92% nucleotide identity. Human and house mouse IL-10 are 178 amino acids long and the cloned fragment represents approximately 74% of this coding region. It shares 87% amino acid identity and 92% similarity with house mouse IL-10 ( Fig. 2) . Deer mouse IL-10 shares 82% identity and 88% similarity with human IL-10.
17
The fragment encodes the second, third and fourth conserved cysteine residues required for intrachain disulfide bond formation (C47, C93, C99) in the mature polypeptide. 18 All of the first 5 -helices (A, S3-D26; B, T34-G43; C, L45-N67; D, 172-C93; E, S103-L116) and over half of the last -helix (F, E118-F131) 19 are present.
TNF
The 654 nt cDNA fragment of TNF shares 89% nucleotide identity with house mouse TNF. 20 The sequence encodes nearly all of the polypeptide (217 residues) and exhibits 90% identity and 97% similarity to house mouse TNF (Fig. 3) . The putative polypeptide encodes a long leader sequence (D-71 to T-1) including consecutive hydrophobic residues that compose the transmembrane domain (C-48 to P-22). The polypeptide is 63% identical and 79% similar to human Deer mouse TNF amino acid sequence was aligned with other TNF sequences as described in Figure 1 . The polypeptide includes a 71 residue leader peptide. The barred region denoted with TM represents the putative transmembrane domain. Asterisks represent highly conserved residues involved in biological function. The schematic is as described in Figure 1 TNF, but the region representing the soluble polypeptide is 75% identical and 87% similar to human TNF. 21 The two conserved cysteines that form intrachain disulfide bonds are found at positions 69 and 100, 22 and the conserved histidine necessary for biological activity is found at position 15. 23 Residues L29, R32, L36, A83, S85 and E145 involved in receptor interactions 24 are also conserved in deer mouse TNF.
LT
A 318 nt fragment of LT cDNA was cloned and it encodes the C-terminal 62 residues (Fig. 4) . The nucleotide sequence shares 90% identity and possesses a 3 nucleotide deletion in the 3 UTR corresponding to nucleotides 818-820 of the house mouse LT cDNA. 25 The encoded polypeptide represents approximately 30% of the precursor protein and exhibits 97% identity and 98% similarity. It is unlikely that these values accurately reflect the entire coding region because LT in other species is more conserved at the C-terminus. Additionally, the polypeptide is 76% identical and 89% similar to human LT .
The polypeptide shares two conserved regions (Y25-S39 and F57-L62) with TNF and LT from other species. 26 Several residues in these regions are highly conserved in orthologs of LT and TNF. Y13 corresponds to Y108 in the house mouse and is critical for receptor binding. 27 We attempted to clone additional 5 sequence, but several primers designed to anneal to these regions failed to amplify PCR products. Deer mouse LT amino acid sequence was aligned with other LT sequences as described in Figure 1 . Asterisks indicate residues conserved in LT . The bars indicate regions that are highly conserved in LT and TNF. Y13 corresponds to Y108 in house mouse LT , a residue that is critical for receptor binding. The schematic is as described in Figure 1 with the addition of the gray line that represents 3 UTR sequence cloned in deer mouse LT . 
Phylogenetic analysis
The final alignment of the IFN sequences included a total of 89 characters, 64 of which were variable; among the variable characters, 31 were parsimony-informative. The IL-10 alignment included a total of 131 characters, 43 of which were variable; among the variable characters, nine were parsimonyinformative. The TNF alignment included a total of 219 characters, 70 of which were variable; among the variable characters, 26 were parsimony-informative. Finally, the LT alignment included 62 total characters, 18 of which were variable; among the variable characters, five were parsimony-informative.
The most parsimonious tree resulting from the analysis of the IFN data (C. I. excluding uninformative characters=0.9111; R. I.=0.8710; length=111) showed a sister-group relationship between the house mouse and the rat (Rattus norvegicus), both of which are in Subfamily Murinae. This clade was wellsupported with a bootstrap percentage of 100% (Fig. 5A ). Sister to this clade of murine rodents was the deer mouse (a member of Subfamily Sigmodontinae). The clade Rodentia was supported by a high bootstrap value of 90%.
The most parsimonious IL-10 tree (C. I. excluding uninformative characters=0.8125; R. I.=0.6667; length=61) showed a clade composed of the rat and the deer mouse (Fig. 5B) . This unconventional grouping, consisting of only one of the murines (rat) and the sigmodontine (deer mouse) was poorly supported with a bootstrap percentage of only 64%. The IL-10 tree also reconstructed a clade of rodents; this branch was supported by a moderate bootstrap value of 78%.
The TNF tree (C. I. excluding uninformative characters=0.9091; R. I.=0.8846; length=87) showed a clade consisting of the house mouse and the rat (Fig. 5C) ; this grouping was supported by a moderate bootstrap value of 78%. The grouping of rodents was supported by a bootstrap value of 100%.
The strict consensus of the three most parsimonious trees resulting from the LT analysis (C. I. excluding uninformative characters=0.8571; R. I.=0.8000; length=22) showed a polytomy made up of the deer mouse, the house mouse, and the rat (Fig. 5D ). This unresolved grouping of rodents was supported by a moderately high bootstrap value of 90%.
Expression analysis
Gene-specific primers (Table 2) were used to assess gene expression of each cytokine in con Astimulated deer mouse spleen cell cultures. Total RNA was extracted at various incubation times and used for RT-PCR detection of cytokines (Fig. 6) .
IL-10 expression was not detected in unstimulated cells, but appeared within 2 h of stimulation. Densitometry indicated that maximal IL-10 expression occurred at 24 h post stimulation (data not shown).
Similarly, IFN expression was not detected in unstimulated cells but was rapidly transcribed by 2 h after con A treatment. Its expression approached maximal by 8 h and persisted through 48 h.
Expression of TNF was detected in unstimulated spleen cell cultures and likely reflects the presence of macrophages that constitutively express TNF (Fig. 6 ). Its expression was maximal by 8 h post stimulation and persisted through 48 h.
LT expression was not detected in unstimulated cells, but was detected at 2 h post stimulation. Its transcription was relatively less than IL-10 or IFN , Deer mouse spleen cell cultures were stimulated with con A and total RNA was extracted at various intervals. cDNA was amplified with gene-specific primers (Table 2 ) from each sample to assess the kinetics of gene expression. 
DISCUSSION
Hantaviruses cause significant morbidity and mortality worldwide. Pathogenic hantavirus infections in Eurasia are associated with hemorrhagic fever with renal syndrome (HFRS), while in the Americas they cause HCPS. Each hantavirus is hosted by a specific rodent species in which the virus has co-evolved. 29 Because of the role of inflammatory cytokines in HCPS and HFRS, we sought to clone deer mouse orthologs of these genes as a first step towards understanding the immune response in deer mice infected with SN virus. Our cloning strategy relied upon using PCR primers designed from conserved regions of cytokine genes from several mammalian species.
Tumor necrosis factor has been termed a ''master chemokine'' 30 because of its ability to induce expression of other chemokines, activate endothelial cells, and recruit leukocytes across capillary endothelia to sites of infection. 31 Alveolar macrophages are an important source of TNF in many pulmonary pathologies and probably play a role in capillary leakage and recruitment of T cells into the lungs of HCPS patients. The TNF2 allele, which is associated with higher levels of TNF production, has been linked to severe cases of HFRS. 32 Because the lungs of infected deer mice lack mononuclear infiltrates or edema, it is unlikely that alveolar macrophages are producing significant amounts, if any, of TNF.
Interferon-'s role in HCPS is probably due to its augmentation of TNF expression 5 because it stimulates TNF production from many cell types.
33 SN virusspecific IFN -producing CD8 + and CD4 + T cells have been isolated from HCPS patients 34 and in dengue hemorrhagic fever IFN is believed to be an important contributor to pathogenesis by enhancing TNF expression. 35 Lymphotoxin exhibits many of the characteristics of TNF, including inflammation, activation of endothelial cells and macrophages, and promotion of extravasation by inducing expression of adhesion molecules. 36, 37 While TNF is expressed by many cell types, LT is produced principally by CTL and Th1 cells. Lymphotoxin-producing cells have been detected in the lungs of patients that have died from HCPS, but greater numbers of LT-producing cells are found in the spleens. 5 The TNF cluster maps to the MHC and includes the LT and LT genes, which are within a few thousands bases of each other. 38 Because of the orientation of LT and TNF in other species, it should be possible to examine the promoter sequences of TNF in wild populations of deer mice. Because polymorphisms in this region are associated with high and low levels of TNF production, and transcription factor binding sites are well characterized in this region, 39 it should be possible to determine if a genetic component to disease resistance in deer mice is associated with the TNF promoter. We are currently examining these aspects in deer mice captured in a region where SN virus persists. 40 Because deer mice lack pulmonary infiltrates and capillary leakage, we chose to also clone IL-10 because it is a potent anti-inflammatory cytokine. 41 It suppresses TNF production by many cell types, including alveolar macrophages. 42 The principal sources of IL-10 are activated macrophages, Th2 and T regulatory 1 cells. 41 We have observed a correlation between IL-10 expression and helper T cell proliferation in deer mice immunized with a DNA vaccine encoding the SN virus nucleocapsid (Schountz et al., manuscript in preparation).
Although the RT-PCR expression data shed light on the kinetics of gene expression upon mitogen activation, it would be better to develop more quantitative assays for examining deer mouse cytokine responses. The RT-PCR assay described here can provide semiquantitative information on deer mouse cytokine expression, and employment of more advanced instrumentation (e.g. real-time PCR) could be used to develop quantitative assays. We have tested several cytokine-specific monoclonal antibodies for cross reactivity to deer mouse IFN and IL-4, but none detected expression from mitogen-activated spleen cells (unpublished observations). Alternatively, some currently available bioassays may be useful to quantify deer mouse cytokine responses. Because of its sequence conservation, it is likely that may of the biological assays used for TNF detection will also work with deer mouse TNF. The cell line WEHI 164 43, 44 and its derivatives are sensitive to TNF from several species, including mice, rats and humans, and are likely sensitive to deer mouse TNF. These cells are also sensitive to LT from several species as well and it will therefore be necessary to produce neutralizing antibodies to each cytokine for appropriate controls. It is also likely that deer mouse IL-10 can be quantified by bioassay. An IFNinhibition assay using house mouse Th1 cells 45 is sensitive to IL-10 from several species, including humans. Because deer mouse and house mouse IL-10 are more similar than is human IL-10, it is probable that this assay can be developed.
The sequence divergence of IFN suggests it is unlikely that deer mouse IFN bioassays can be developed using currently available established cell lines. Interferon-exhibits species-specificity because of diversity in the N-and C-terminal receptor binding regions. House mouse cells cannot be used to detect human IFN , and deer mouse IFN is nearly as dissimilar as human IFN . Detection of biologically active deer mouse IFN will likely require development of an antiviral assay using deer mouse cells permissible to virus.
In accordance with traditional, morphologicallybased views on the relationships among rodents, 46 all of the analyses reconstructed the clade Rodentia. The view that Rodentia constitutes a natural group is also supported by molecular studies, including one based on exon 28 of the von Willebrand factor gene 47 and another based on the nuclear gene LCAT. 48 However, our findings are based on a very limited sampling of rodents and outgroups; expanded taxonomic representation may alter these results to support the results of molecular studies that suggest that Rodentia is not a clade. [49] [50] [51] Further exploration is warranted here. Even though Rodentia was reconstructed, the data were unable to resolve which of the two outgroups was most closely related to the rodents. According to a molecular study based on the nuclear-encoded IRBP gene, the primates and the rodents are thought to be more closely related to each other than either group is to the cetartiodactyls. 52 In their analyses, they recovered a monophyletic Euarchonta; this clade included Rodentia, Primates, Dermoptera, Scandentia, and Lagomorpha. The results from our analyses do not support the view that Euarchonta constitutes a monophyletic group. Though expanded taxonomic representation may alter our findings, it may simply be that the molecules may not contain enough information to resolve higher level relationships within Mammalia.
While the cytokine sequences were unable to resolve order-level relationships within Mammalia, they depicted clear yet conflicting views on how murines may be related to sigmodontines. Two of the cytokine fragments (IFN and TNF) show strong support for the conventional separation between these two murid subfamilies. This view is supported not only by morphological data, but also by DNA/DNA hybridization studies and studies on class I major histocompatibility genes. 53, 54 According to the molecular studies, Peromyscus is thought to have diverged from Mus and Rattus approximately 50 million years ago, while Mus and Rattus are thought to have diverged from each other approximately 15-25 million years ago. 55 The IL-10 tree depicts an alternative hypothesis on subfamily delineations. This hypothesis pairs a member of Murinae (the rat) with the representative of Sigmodontinae (the deer mouse) to the exclusion of the other murine (the house mouse). This unconventional grouping, which is characterized by a low bootstrap value and is based on a very small number of informative characters, finds little support in the morphological and molecular phylogenetic literature regarding subfamily separations within the family Muridae. In particular, molecular analyses that have included Mus, Rattus, and Peromyscus have found Mus and Rattus to be more closely related to each other than either is to the New World limited Peromyscus (for examples, Refs 48, 55, 56) . The appearance of such a grouping may indicate that the characters are plagued by homoplasy; this, in turn, may indicate that homoplasy is playing a role in the evolution of this molecule. This homoplasy may be related to convergent evolutionary responses to hantaviral infections on the part of the IL-10 molecule in deer mice and rats, which host Seoul virus. So, while the sequence may be misleading on a phylogenetic level, it may be informative in terms of the co-evolutionary relationship that exists between hantaviruses and the immune systems of their rodent hosts. It is also important to note that very few informative characters were found in the IL-10 data set. Finally, phylogenetic analysis of the LT sequence data was unable to resolve subfamily relationships; this may be due to the low level of informative variation found in this data set.
In terms of their usefulness for resolving subfamily relationships within Muridae, IFN and TNF appear to hold the most promise on the amino acid level. The moderate level of phylogenetically useful variation they both possess and the high statistical support that characterized the phylogenetic hypotheses derived from each of the molecules indicate that further exploration, in terms of expanding taxonomic representation and increasing the size of the fragment collected (particularly in the case of IFN ) is warranted. The IL-10 molecule may deserve further exploration as well; IL-10 may well harbor information on the co-evolutionary relationships that exist between hantaviruses and their rodent hosts. However, with over 90% of the coding region collected, this molecule only yielded 9 parsimony-informative amino acid characters. This indicates that IL-10 may have limited usefulness both in terms of phylogeny reconstruction and in terms of co-evolutionary issues. Because of the small number of informative characters, the LT fragment analysed in this study showed the most limited promise for resolving subfamily relationships in Muridae. However, the number of informative characters may be increased if more of the polypeptide was deduced from a larger polypeptide fragment. The analysis of a larger fragment may yield more information on murid phylogeny. All of the conclusions reached in this study are tempered by the very modest taxonomic representation utilized. Future studies should strive to increase the taxonomic representation, collect more amino acid sequence data, and attempt to analyse the nucleotide data for these molecules as well. While the nucleotide data for these molecules can suffer from a variety of problems (such as saturation), they also present a vast pool of potential variation from which phylogenetic hypotheses may be generated.
MATERIALS AND METHODS
Animals
Deer mice used in these experiments were purchased from the University of South Carolina Peromyscus Stock Center and maintained at Mesa State College. The MSC Institutional Animal Care and Use Committee approved all procedures using deer mice.
Stimulation of deer mouse spleen cells
Spleens from 8-14 week old deer mice were made into single-cell suspensions by gentle disruption between the ends of sterile frosted microscope slides in serum-free Hank's balanced salt solution (HBSS; Sigma Chemicals, St. Louis, MO, USA). Red blood cells were removed by centrifugation over Lymphocyte Separation Medium (Cappel/ ICN, Durham, NC, USA) and leukocytes were washed twice in 5% fetal bovine serum (FBS; Life Technologies, Bethesda, MD, USA) in HBSS. Cultures were plated at 5 10 6 cells per well in 24 well plates in 5% FBS-Click's medium (Sigma Chemicals) with 1 g/ml of concanavalin A (Con A [C-0412]; Sigma Chemicals) overnight at 37 C in 5% CO 2 .
RNA extraction
Stimulated cells were pelleted in microfuge tubes and total RNA was extracted using Ultraspec II RNA (Biotex, Houston, TX, USA) according to manufacturer's directions. Samples were washed twice in 75% ethanol, eluted in sterile water and air dried for 30 min at room temperature. RNA was stored at 70 C until used.
Reverse transcription-polymerase chain reaction
Two microliters of total RNA was reverse transcribed using with Superscript II reverse transcriptase (Life Technologies) for 1 h followed by 15 min at 70 C to inactivate the enzyme. Primers for PCR are listed in Table 1 . Polymerase chain reaction amplification was performed using 20 l of PCR Supermix (Life Technologies) with primers at 4 M. Amplification of IFN and IL-10 cDNAs was done with 35 cycles at 95 C for 30 sec, annealing at 52 C for 1 min, and extension at 72 C for 1 min. For TNF and LT , conditions were the same except the annealing temperature was 56 C. After the final cycle, a 10 min extension at 72 C was done. Samples were resolved on 1% agarose gels.
Cloning of PCR products
Polymerase chain reaction amplicons were cloned into pGEM-T Easy (Promega, Madison, WI, USA) according to manufacturer's directions. Several white colonies were picked from each cytokine group and screened by PCR to verify that the plasmids contained the appropriate inserts. Selected colonies were then incubated overnight in 5 ml of LB broth containing 50 g/ml ampicillin and plasmids were purified using a Wizard Mini Prep Plus kit (Promega).
Sequence analysis
Plasmids were sequenced (SeqWright, Houston, TX, USA) and results submitted to NCBI for BLAST to identify cloned genes. The sequences were deposited into Genbank and assigned the following accession numbers: IFN , AF307011; IL-10, AF307012; TNF, AF307013; LT , AF348259. Predicted amino acid sequences for each cytokine were aligned with house mouse (M. musculus), rat (R. norvegicus), pig (S. scrofa) and human orthologs using the clustalw algorithm in the MacVector sequence analysis software (v.r. 6.5.3). The accession numbers for the orthologs used in the alignments are presented in Table 3 .
Phylogenetic analyses
Phylogenetic analyses were conducted using the deer mouse amino acid sequences collected in this study and the orthologous sequences accessed from GenBank for the house mouse, rat, human and pig (Table 3) . A balance was struck between accessing as many orthologs as possible from the available sequence databases (in order to broaden taxonomic sampling) and ensuring that the taxonomic representation was uniform among all four sets of analyses (in order to facilitate the direct comparison of resultant phylogenetic trees). The sequences were aligned using clustalw algorithm; visual inspection of the final alignment indicated that manual adjustment was not necessary. PAUP* (v.r. 4.0b8) 57 was used to perform maximum parsimony analyses for each set of amino acid sequences. All characters were weighted equally; because of the small number of taxa included, the exhaustive search option in PAUP* was used. Outgroup designation was problematic. Members from other rodent families would have made the ideal outgroups for this study, but because of the lack of taxonomic representation in the sequence databases for these molecules, the human and pig were chosen instead. Robustness of the recovered branches was evaluated using 500 iterations of nonparametric bootstrapping.
Kinetics of cytokine gene expression
Cultures of deer mouse spleen cells were incubated with 1 g/ml Con A as above and RNA was extracted at 0, 2, 4, 8, 24 and 48 h post stimulation. Total RNA was reverse transcribed and amplified using gene-specific primers (Table 2) by PCR as described above, except that annealing temperature was 60 C. Samples were resolved on 1% agarose gels. Gel images were captured onto a Macintosh computer with a Kodak D290 gel documentation system and NIH Image software was used to generate densitometry data using the program's included gel analysis macros. Densitometry plots (not shown) were generated with Cricket Graph III. 
